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LIGAND COMPOUND, TRANSITION METAL
COMPOUND, AND CATALYSTIC
COMPOSITION INCLUDING THE SAME

FIELD OF THE INVENTION

This application claims priority to and the benefits of
Korean Patent Application No. 10-2014-0154389, filed with
the Korean Intellectual Property Oflice on Nov. 7, 2014, the
entire contents of which are incorporated herein by refer-
ence.

The present specification relates to a ligand compound
having a novel structure, a transition metal compound and a
catalytic composition including the same.

DESCRIPTION OF THE

RELATED ART

Dow Chemical Company introduced [Me,S1(Me,C;)
NtBu]Ti(Cl, (Constrained-Geometry Catalyst, abbreviated as
CGC herematter) in early 1990s (U.S. Pat. No. 5,064,802),
and advantages of the CGC 1n a copolymerization reaction
of ethylene and alpha-olefin compared to metallocene cata-
lysts that have been known in the art may be summarized
into two points as follows: (1) CGC produces a high
molecular weight polymer while exhibiting high activity
even at high polymerization temperatures, and (2) copoly-
merizability of alpha-olefin having large steric hindrance
such as 1-hexene and 1-octent 1s also very outstanding.
Besides, as other properties of CGC 1n a polymerization
reaction have been gradually known, efforts to synthesize
derivatives of CGC to use as a polymerization catalyst have
been active both 1n academics and industries.

As one of the approaches, synthesis of metal compounds,
in which other various bridges instead of a silicon bridge and
a nitrogen substituent are introduced, and polymerization
thereol have been tried. Representative metal compounds
that have been known until recently may be listed as the

following compounds (1) to (4) (Chem. Rev. 2003, 103,
283).

(1)

(2)

(3)

SiMes

10

15

20

25

30

35

40

45

50

55

60

65

2

-continued

\ _ NEt;

Zr

7 Nt

(4)

R’ T

RH‘

In the compounds (1) to (4), phosphorous (1), ethylene or
propylene (2), methylidene (3), and methylene (4) bridges
are 1ntroduced, respectively, instead of a silicon bridge
having a CGC structure, however, improved results 1n terms
of activity or copolymerization performance were not able to
be obtained compared to CGC when the compounds (1) to

(4) were used 1n ethylene polymerization or copolymeriza-
tion with alpha-olefin.

In addition, as another approach, compounds having an
oxido ligand instead of an amido ligand of the CGC have
been actively synthesized, and polymernzation using the
same has been tried 1n some cases. Examples thereof are
summarized as follows.

()

(6)

(7)

(3)

Compound (35) has been reported by T. J. Marks et al. and
has a cyclopentadiene (Cp) derntvative and an oxido ligand
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being cross-linked by an ortho-phenylene group (Organo-
metallics 1997, 16, 3958). Compounds having the same
cross-link and polymerization using the same have been also
reported by Mu et al. (Organometallics 2004, 23, 540). In
addition, an indenyl ligand and an oxido ligand being
cross-linked by an ortho-phenylene group have been
reported by Rothwell et al. (Chem. Commun. 2003, 1034).
Compound (6) has been reported by Whitby et al., and has
a cyclopentanienyl ligand and an oxido ligand being bridged
by 3 carbons (Organometallics 1999, 18, 348), and such
catalysts have been reported to exhibit activity 1n syndiot-
actic polystyrene polymerization. Similar compounds also
have been reported by Hessen et al. (Organometallics 1998,
17, 1652). Compound (7) has been reported by Rau et al.,
and exhibits activity 1n ethylene polymerization and ethyl-
ene/1-hexene copolymerization at a high temperature and a
high pressure (210° C., 150 mPa) (J. Organomet. Chem.
2000, 608, 71). After that, Sumitomo Corporation applied
for a patent on the synthesis of catalysts having similar
structures thereto (8) and high temperature and high pressure
polymerization using the same (U.S. Pat. No. 6,548,686).
However, among the above-mentioned attempts, only small
numbers of catalysts are actually used 1n commercial fac-
tories. Accordingly, catalysts having enhanced polymeriza-
tion efliciency, and methods for simply preparing such
catalysts have been required.

PRIOR ART DOCUMENTS

U.S. Pat. No. 5,064,302
U.S. Pat. No. 6,548,636

NON-PATENT DOCUMENTS

Chem. Rev. 2003, 103, 283

lics 1997, 16, 5938
Organometallics 2004, 23, 540
Chem. Commun. 2003, 1034

lics 1999, 18, 348
Organometallics 1998, 17, 1652

J. Organomet. Chem. 2000, 608, 71

Organometal

Organometal

DISCLOSURE OF THE INVENTION

Technical Problem

An object of the present invention 1s to provide a novel
transition metal compound.

Another object of the present imnvention 1s to provide a
novel ligand compound.

Still another object of the present invention 1s to provide
a catalytic composition including the transition metal com-
pound.

Technical Solution

One embodiment of the present specification provides a
transition metal compound represented by the following
Chemical Formula 1:
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|Chemuical Formula 1|
R~ Rg
Re Ro
S Ry
R2 ~ RS
Q
Ry \N ./‘ M\““- X,
T
Rj

In Chemical Formula 1,

R, 1s hydrogen; alkyl having 1 to 20 carbon atoms;
alkenyl having 2 to 20 carbon atoms; alkoxy having 1 to 20
carbon atoms; aryl having 6 to 20 carbon atoms; arylalkoxy
having 7 to 20 carbon atoms; alkylaryl having 7 to 20 carbon
atoms; or arylalkyl having 7 to 20 carbon atoms,

R, and R, are each independently hydrogen; halogen alkyl
having 1 to 20 carbon atoms; alkenyl having 2 to 20 carbon
atoms; aryl having 6 to 20 carbon atoms; alkylaryl having 6
to 20 carbon atoms; arylalkyl having 7 to 20 carbon atoms;
alkylamido having 1 to 20 carbon atoms; arylamido having
6 to 20 carbon atoms; or alkylidene having 1 to 20 carbon
atoms,

R, to R, are each independently a metalloid radical of a
group 14 metal substituted with hydrogen; silyl; alkyl hav-
ing 1 to 20 carbon atoms; alkenyl having 2 to 20 carbon
atoms; aryl having 6 to 20 carbon atoms; alkylaryl having 7
to 20 carbon atoms; arylalkyl having 7 to 20 carbon atoms;
or hydrocarbyl having 1 to 20 carbon atoms,

two or more of R, to Ry adjacent to each other may be
linked to each other to form a ring,

Qi1s S1, C, N, Por S,

M 1s a group 4 transition metal, and

X, and X, are each independently hydrogen, halogen,
alkyl having 1 to 20 carbon atoms, alkenyl having 2 to 20
carbon atoms, aryl having 6 to 20 carbon atoms, alkylaryl
having 7 to 20 carbon atoms, arylalkyl having 7 to 20 carbon
atoms, alkylamino having 1 to 20 carbon atoms, arylamino
having 6 to 20 carbon atoms or alkylidene having 1 to 20
carbon atoms.

Another embodiment of the present specification provides

a ligand compound represented by the following Chemical
Formula 2:

|Chemuical Formula 2|
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In Chemical Formula 2,

R,, R,,and R, are hydrogen; alkyl having 1 to 20 carbon
atoms; alkenyl having 2 to 20 carbon atoms; alkoxy having
1 to 20 carbon atoms; aryl having 6 to 20 carbon atoms;
arylalkoxy having 7 to 20 carbon atoms; alkylaryl having 7
to 20 carbon atoms; or arylalkyl having 7 to 20 carbon
atoms,

R, and R, are each independently hydrogen; halogen alkyl
having 1 to 20 carbon atoms; alkenyl having 2 to 20 carbon
atoms; aryl having 6 to 20 carbon atoms; alkylaryl having 6
to 20 carbon atoms; arylalkyl having 7 to 20 carbon atoms;
alkylamido having 1 to 20 carbon atoms; arylamido having
6 to 20 carbon atoms; or alkylidene having 1 to 20 carbon
atoms,

R, to R, are each independently a metalloid radical of a
group 14 metal substituted with hydrogen; silyl; alkyl hav-
ing 1 to 20 carbon atoms; alkenyl having 2 to 20 carbon
atoms; aryl having 6 to 20 carbon atoms; alkylaryl having 7
to 20 carbon atoms; arylalkyl having 7 to 20 carbon atoms;
or hydrocarbyl having 1 to 20 carbon atoms,

two or more of R, to Ry adjacent to each other may be
linked to each other to form a ring, and

Qi1s S1, C, N, Por S.

Still another embodiment of the present specification
provides a catalytic composition including the transition
metal compound of Chemical Formula 1.

Advantageous Effects

A novel ligand compound and a transition metal com-
pound of the present invention can be useful as a polymer-
1zation reaction catalyst 1n preparing an olefin-based poly-
mer of a low density area having a high molecular weight,
and a high molecular weight polymer having a low melt
index (MI) can be obtained.

MODE FOR CARRYING OUT THE INVENTION

Hereinatiter, the present invention will be described in
more detail 1n order to illuminate the present invention.

Terms or words used 1n the present specification and the
claims are not to be interpreted limitedly to common or
dictionary definitions, and shall be interpreted as meanings
and concepts corresponding to technological i1deas of the
present invention based on a principle in which the mnventors
may suitably define the concepts of terms 1n order to
describe the invention 1in the best possible way.

For accomplishing one techmical object of the present

invention, the present mvention provides a transition metal

compound represented by the following Chemical Formula
1:

|Chemical Formula 1]

Re Ry
> R4
R>
>Q Rs
R3 \ M
N~ \*---.. X,
| X,
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In Chemical Formula 1,

R, 1s hydrogen; alkyl having 1 to 20 carbon atoms;
alkenyl having 2 to 20 carbon atoms; alkoxy having 1 to 20
carbon atoms; aryl having 6 to 20 carbon atoms; arylalkoxy
having 7 to 20 carbon atoms; alkylaryl having 7 to 20 carbon
atoms; or arylalkyl having 7 to 20 carbon atoms,

R, and R, are each independently hydrogen; halogen alkyl
having 1 to 20 carbon atoms; alkenyl having 2 to 20 carbon
atoms; aryl having 6 to 20 carbon atoms; alkylaryl having 6
to 20 carbon atoms; arylalkyl having 7 to 20 carbon atoms;
alkylamido having 1 to 20 carbon atoms; arylamido having
6 to 20 carbon atoms; or alkylidene having 1 to 20 carbon
atoms,

R, to R, are each independently a metalloid radical of a
group 14 metal substituted with hydrogen; silyl; alkyl hav-
ing 1 to 20 carbon atoms; alkenyl having 2 to 20 carbon
atoms; aryl having 6 to 20 carbon atoms; alkylaryl having 7
to 20 carbon atoms; arylalkyl having 7 to 20 carbon atoms;
or hydrocarbyl having 1 to 20 carbon atoms,

two or more of R, to R, adjacent to each other may be
linked to each other to form a ring,

Qi1s S1, C, N, Por S,

M 1s a group 4 transition metal, and

X, and X, are each independently hydrogen, halogen,
alkyl having 1 to 20 carbon atoms, alkenyl having 2 to 20
carbon atoms, aryl having 6 to 20 carbon atoms, alkylaryl
having 7 to 20 carbon atoms, arylalkyl having 7 to 20 carbon
atoms, alkylamino having 1 to 20 carbon atoms, arylamino
having 6 to 20 carbon atoms or alkylidene having 1 to 20
carbon atoms.

The transition metal compound of Chemical Formula 1
described 1n the present specification forms a structure in
which cyclopentadiene fused with benzothiophene through a
ring-type bond, and an amido group (N-Rd are stably
cross-linked by Q (81, C, N or P), and a group 4 transition
metal coordinately bonds thereto.

When the catalytic composition 1s used 1n olefin polym-
erization, polyolefin having properties such as high activity,
a high molecular weight and high copolymerizability 1s
capable of being produced even at high polymerization
temperatures. Particularly, from structural characteristics of
the catalyst, linear low density polyethylene having density
of approximately 0.850 g/cc to 0.930 g/cc may be prepared,
and, since a large amount of alpha-olefin may be introduced,
polymers (elastomers) with a very low density area of less
than 0.910 g/cc may also be prepared.

In the present specification, the alkyl and the alkenyl are
alkyl having 1 to 20 carbon atoms and alkenyl having 2 to
20 carbon atoms, respectively, and may be linear or
branched.

In the present specification, the silyl may be silyl substi-
tuted with alkyl having 1 to 20 carbon atoms, and examples
thereol may include trimethylsilyl or triethylsilyl.

In the present specification, the aryl includes monocyclic
or multicyclic aryl, and specifically, includes phenyl, naph-
thyl, anthryl, phenanthryl, crycenyl, pyrenyl and the like.

R, to Ry are each independently unsubstituted or substi-
tuted, and when substituted, examples of the substituent may
include halogen, alkyl having 1 to 20 carbon atoms, hydro-
carbyl having 1 to 20 carbon atoms, alkoxy having 1 to 20
carbon atoms, or aryloxy having 6 to 20 carbon atoms.

According to one embodiment of the present invention, 1n
Chemical Formula 1, R, may be alkyl having 1 to 20 carbon
atoms; alkoxy having 1 to 20 carbon atoms; aryl having 6 to
20 carbon atoms; arylalkoxy having 7 to 20 carbon atoms;
arylalkyl having 7 to 20 carbon atoms; or alkylaryl having
7 to 20 carbon atoms.
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According to one embodiment of the present invention, 1n
Chemical Formula 1, R, may be alkyl having 1 to 20 carbon
atoms; aryl having 6 to 20 carbon atoms; arylalkoxy having
7 to 20 carbon atoms; or arylalkyl having 7 to 20 carbon
atoms.

According to one embodiment of the present invention, 1n
Chemical Formula 1, R; may be methyl, ethyl, propyl, butyl,
isobutyl, t-butyl, 1sopropyl, cyclohexyl, benzyl, phenyl,
methoxyphenyl, ethoxyphenyl, fluorophenyl, bromophenyl,
chlorophenyl, dimethylphenyl or diethylphenyl.

According to one embodiment of the present invention, 1n
Chemical Formula 1, R, and R, may be each independently
hydrogen; alkyl having 1 to 20 carbon atoms; aryl having 6
to 20 carbon atoms; or alkylaryl having 6 to 20 carbon
atoms.

According to one embodiment of the present invention, 1n
Chemical Formula 1, R, and R, may be each independently
hydrogen; alkyl having 1 to 20 carbon atoms; or aryl having
6 to 20 carbon atoms.

According to one embodiment of the present invention,
R, to Ry may be each independently hydrogen; alkyl having
1 to 20 carbon atoms; aryl having 6 to 20 carbon atoms;
alkylaryl having 7 to 20 carbon atoms; or arylalkyl having
7 to 20 carbon atoms.

According to one embodiment of the present invention,
R, and R are the same as or different {from each other, and
may be each independently alkyl having 1 to 20 carbon
atoms; or aryl having 6 to 20 carbon atoms.

According to one embodiment of the present invention,
R, and R are the same as or diflerent from each other, and
may be each independently alkyl having 1 to 6 carbon
atoms.

According to one embodiment of the present invention,
R, and R, may be methyl, ethyl or propyl.

According to one embodiment of the present invention,
R, to Ry are the same as or different from each other, and
may be each independently hydrogen; alkyl having 1 to 20
carbon atoms; aryl having 6 to 20 carbon atoms; alkylaryl
having 7 to 20 carbon atoms; or arvlalkyl having 7 to 20
carbon atoms.

According to one embodiment of the present invention,
R, to R, are the same as or different from each other, and
may be each independently hydrogen; or alkyl having 1 to
20 carbon atoms.

According to one embodiment of the present invention,
R, to R, are the same as or diflerent from each other, and
may be each independently hydrogen or methyl.

According to one embodiment of the present invention, M
may be Ti, Hf or Zr.

According to one embodiment of the present invention,
X, and X, are the same as or diflerent from each other, and
may be each independently hydrogen, halogen, alkyl having
1 to 20 carbon atoms or alkenyl having 2 to 20 carbon atoms.

According to one embodiment of the present invention, 1n
Chemical Formula 1, R, may be hydrogen; alkyl having 1 to
20 carbon atoms; alkoxy having 1 to 20 carbon atoms; aryl
having 6 to 20 carbon atoms; arylalkoxy having 7 to 20
carbon atoms; alkylaryl having 7 to 20 carbon atoms; or
arylalkyl having 7 to 20 carbon atoms,

R, and R, may be each independently hydrogen; alkyl
having 1 to 20 carbon atoms; aryl having 6 to 20 carbon
atoms; or alkylaryl having 6 to 20 carbon atoms,

R, to Ry, may be each independently hydrogen; alkyl
having 1 to 20 carbon atoms; aryl having 6 to 20 carbon
atoms; alkylaryl having 7 to 20 carbon atoms; or arylalkyl
having 7 to 20 carbon atoms,
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two or more of R, to R, adjacent to each other may be
linked to each other to form an aliphatic ring having 5 to 20
carbon atoms or an aromatic ring having 6 to 20 carbon
atoms,

the aliphatic ring or the aromatic ring may be substituted
with halogen, alkyl having 1 to 20 carbon atoms, alkenyl
having 2 to 20 carbon atoms, or aryl having 6 to 20 carbon
atoms, and

Q may be S1, C, N or P.

According to one embodiment of the present invention, 1n
Chemical Formula 1, R, may be alkyl having 1 to 20 carbon
atoms; aryl having 6 to 20 carbon atoms; arylalkoxy having
7 to 20 carbon atoms; or arylalkyl having 7 to 20 carbon
atoms,

R, and R, may be each independently hydrogen; alkyl
having 1 to 20 carbon atoms; or aryl having 6 to 20 carbon
atoms,

R, to R, may be each independently hydrogen; alkyl
having 1 to 20 carbon atoms; or aryl having 6 to 20 carbon
atoms, and

QQ may be Si1.

In addition, according to one embodiment of the present
invention, the compound represented by Chemical Formula
1 1s preferably represented by any one of the following

chemical formulae:

|Chemuical Formula 1-1]

X
F

—

| —

\
-
\

d

%_

|Chemuical Formula 1-2]

X
F

| —

\
W

-
\
~

%

|Chemical Formula 1-3]

X
F

m._____“

\./
|

z/"'
\

—
70
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-continued
|Chemical Formula 1-4]

|Chemuical Formula 1-5]

|Chemical Formula 1-6]

For accomplishing another object of the present inven-
tion, the present mmvention provides a ligand compound
represented by the following Chemical Formula 2:
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|Chemical Formula 2|

In Chemical Formula 2,

R,, R,, and R,, are each independently hydrogen; alkyl
having 1 to 20 carbon atoms; alkenyl having 2 to 20 carbon
atoms; alkoxy having 1 to 20 carbon atoms; aryl having 6 to
20 carbon atoms; arylalkoxy having 7 to 20 carbon atoms;
alkylaryl having 7 to 20 carbon atoms; or arylalkyl having
7 to 20 carbon atoms,

R, and R, are each independently hydrogen; halogen alkyl
having 1 to 20 carbon atoms; alkenyl having 2 to 20 carbon
atoms; aryl having 6 to 20 carbon atoms; alkylaryl having 6
to 20 carbon atoms; arylalkyl having 7 to 20 carbon atoms;
alkylamido having 1 to 20 carbon atoms; arylamido having
6 to 20 carbon atoms; or alkylidene having 1 to 20 carbon
atoms,

R, to R, are each independently a metalloid radical of a
group 14 metal substituted with hydrogen; silyl; alkyl hav-
ing 1 to 20 carbon atoms; alkenyl having 2 to 20 carbon
atoms; aryl having 6 to 20 carbon atoms; alkylaryl having 7
to 20 carbon atoms; arylalkyl having 7 to 20 carbon atoms;
or hydrocarbyl having 1 to 20 carbon atoms,

two or more of R, to Ry adjacent to each other may be
linked to each other to form a ring, and

QQ may be S1, C, N, P or S.

The ligand compound of Chemical Formula 2 described
in the present specification has a structure 1 which cyclo-

pentadiene fused with benzothiophene through a rnng-type

bond, and an amido group (N—R,) are stably cross-linked
by Q (51, C, N or P).

In the ligand compound, definitions of R, to R, 1n the
compound represented by Chemical Formula 2 may be the
same as the defimitions 1 the compound represented by
Chemical Formula 1, the transition metal compound.

According to the ligand compound according to one
embodiment of the present invention, in Chemical Formula
2, R,, and R,, may be each independently hydrogen; alkyl
having 1 to 20 carbon atoms; aryl having 6 to 20 carbon
atoms; or alkylaryl having 6 to 20 carbon atoms.

According to one embodiment of the present invention, 1n
Chemical Formula 2, R,, and R;, may be hydrogen.

According to another embodiment of the present inven-
tion, the compound represented by Chemical Formula 2 1s
preferably represented by any one of the following chemical
formulae:
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|Chemuical Formula 2-1]

|Chemuical Formula 2-2]

|Chemuical Formula 2-3]

[Chemical Formula 2-4]
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-continued
|Chemuical Formula 2-5]

|Chemial Formula 2-6]

i

T'he transition metal compound of Chemical Formula 1
and the ligand compound of Chemical Formula 2 are pret-
erably used 1n preparing a catalyst for polymerizing olefin
monomers, however, the use 1s not limited thereto, and the
compounds may be used 1n all other fields capable of using
the transition metal compound.

The ligand compound represented by Chemical Formula
2 ol the present mvention may be prepared as in the
following Reaction Formula 1.

| Reaction Formula 1]

S/ R, R,—R;oNH
-
7 THF, 1t
Rg\
Q
/ \ R Rs
R; Cl
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-continued

In Reaction Formula 1, R, to R, and Q are the same as
those defined 1n Chemical Formula 2.

When specifically examined, the ligand compound of
Chemical Formula 2 may be prepared using processes of the
following a) and b):

a) a process ol preparing a compound represented by the
tollowing [Chemical Formula 3] by reacting a compound
represented by the following [Chemical Formula 4] with a
compound represented by the following [Chemical Formula

5]; and

b) a process of preparing a compound represented by the
tollowing [Chemical Formula 2] by reacting the compound
represented by the following [Chemical Formula 3] with a

compound represented by the following [Chemical Formula
6].

|Chemical Formula 4]

|Chemical Formula 5]

|Chemical Formula 3]
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-continued
|Chemical Formula 6]

|Chemuical Formula 2|

In the formulae, R, to R,; and Q are the same as those
defined 1n Chemical Formula 2, and

R,, 1s hydrogen; alkyl having 1 to 20 carbon atoms;
alkenyl having 2 to 20 carbon atoms; alkoxy having 1 to 20
carbon atoms; aryl having 6 to 20 carbon atoms; arylalkoxy
having 7 to 20 carbon atoms; alkylaryl having 7 to 20 carbon
atoms; or arylalkyl having 7 to 20 carbon atoms.

The transition metal compound represented by Chemical

Formula 1 of the present invention may be prepared as in the
following Reaction Formula 2 using the ligand compound
represented by Chemical Formula 2.

|Reaction Formula 2]

+ M(X1X2)2 —_— -

Rs
Rg/ \ |
| X,
R

In the formula, R, to R,,, Q, M, X, and X, are the same
as those defined in Chemical Formula 1 or Chemical For-
mula 2.

According to one embodiment of the present ivention,
the transition metal compound represented by Chemical

Formula 1 may have a form in which a group 4 transition
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metal coordinately bonds with the compound represented by
Chemical Formula 2 as a ligand.

When specifically examined, as in Reaction Formula 2,
the transition metal compound of Chemical Formula 1 in
which a group 4 transition metal coordinately bonds with the
compound represented by Chemical Formula 2 as a ligand
may be obtained by reacting the compound represented by
Chemical Formula 2 with a compound represented by the
tollowing Chemical Formula 7, a metal precursor, and an
organic lithium compound, and recrystallizing the result.

|Chemical Formula 2]

|Chemical Formula 7]

|Chemical Formula 1]

R>
™~
/Q Rs
R3 \ M
| X

In the formulae, R, to R, ;, Q, M, X, and X, are the same
as those defined in Chemical Formula 1.

As examples of the organic lithium compound 1n Reaction
Formula 2, one or more types may be selected from the
group consisting of n-butyl lithium, sec-butyl lithium,
methyl lithium, ethyl lithium, 1sopropyl lithium, cyclohexyl
lithium, allyl lithrum, vinyl lithtum, phenyl lithium and
benzyl lithium.

The compound represented by Chemical Formula 2 and
the compound represented by Chemical Formula 5 are
preferably mixed in a molar ratio of 1:0.8 to 1:1.5, and more
preferably in a molar ratio of 1:1.0 to 1:1.1.

In addition, the organic lithium compound may be used in
180 to 2350 parts by weight based on 100 parts by weight of
the compound of Chemical Formula 2.

According to the preparation method according to one
embodiment of the present invention, the reaction 1s pret-
erably carried out for 1 hour to 48 hours 1n a temperature
range of —80° C. to 140° C.

According to one embodiment of the present invention,
the compound represented by Chemical Formula 3 and the
compound represented by Chemical Formula 6 are favorably
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mixed 1n a molar ratio of 1:0.8 to 1:5.0, preferably 1n a molar
ratio of 1:0.9 to 1:4.5, and more preferably 1n a molar ratio
of 1:1 to 1:4.0.

In addition, according to one embodiment of the present
invention, the compound represented by Chemical Formula
4 and the compound represented by Chemical Formula 5 are
favorably mixed 1in a molar ratio of 1:0.8 to 1:3.0, preferably
in a molar ratio of 1:0.9 to 1:4.0, and more preferably in a
molar ratio of 1:1 to 1:3.0.

Furthermore, the reaction 1s preferably carried out for 1
hour to 48 hours 1n a temperature range ol —80° C. to 140°
C.

In addition, the present invention provides a catalytic
composition including the compound of Chemical Formula
1.

The catalytic composition may further include a cocata-
lyst. As the cocatalyst, those known 1n the art may be used.

For example, the catalytic composition may further
include at least one of the following Chemical Formulae 10
to 12 as a cocatalyst.

—[Al(R55)—0] — [Chemical Formula &]

In the formula, R,,s are each independently a halogen
radical; a hydrocarbyl radical having 1 to 20 carbon atoms;
or a hydrocarbyl radical having 1 to 20 carbon atoms
substituted with halogen; a 1s an integer of 2 or greater;

D(R55)3 [Chemical Formula 9]

In the formula, D 1s aluminum or boron; R,,s are each
independently as defined above;

[L-H]"[Z(A)4] or [L]T[Z{A),] [Chemical Formula 10]

In the formula, L 1s a neutral or cationic Lewis acid; H 1s
a hydrogen atom; Z 1s a group 13 element; As are each
independently aryl having 6 to 20 carbon atoms or alkyl
having 1 to 20 carbon atoms of which one or more hydrogen
atoms may be substituted with substituents; and the sub-
stituents are halogen, hydrocarbyl having 1 to 20 carbon
atoms, alkoxy having 1 to 20 carbon atoms, or aryloxy
having 6 to 20 carbon atoms.

As a method for preparing the catalytic composition, first,
a preparation method including obtaining a mixture by
bringing the transition metal compound represented by
Chemical Formula 1 into contact with the compound rep-
resented by Chemical Formula 8 or Chemical Formula 9;
and adding the compound represented by Chemical Formula
10 to the mixture 1s provided.

Second, a method for preparing the catalytic composition
by bringing the transition metal compound represented by
Chemical Formula 1 into contact with the compound rep-
resented by Chemical Formula 10 1s provided.

In the first method of the methods for preparing the
catalytic composition, a molar ratio of the compound rep-
resented by Chemical Formula 8 or Chemical Formula 9
with respect to the transition metal compound of Chemical
Formula 1 1s preferably 1:2 to 1:5,000, more preferably 1:10
to 1:1,000, and most preferably 1:20 to 1:500.

Meanwhile, a molar ratio of the compound represented by
Chemical Formula 10 with respect to the transition metal
compound of Chemical Formula 1 1s preferably 1:1 to 1:25,
more preferably 1:1 to 1:10, and most preferably 1:1 to 1:5.

When a molar ratio of the compound represented by
Chemical Formula 8 or Chemical Formula 9 with respect to
the transition metal compound of Chemical Formula 1 1s less
than 1:2, the amount of an alkylating agent 1s very small
causing a problem 1in that alkylation of the metal compound
1s not completely progressed, and when the molar ratio 1s
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greater than 1:5,000, the metal compound 1s alkylated,
however, there 1s a problem 1n that the alkylated metal
compound 1s not fully activated due to a side reaction
between the remaining excess alkylating agent and the
activating agent of Chemical Formula 10. In addition, when
a ratio of the compound represented by Chemical Formula
10 with respect to the transition metal compound of Chemi-
cal Formula 1 1s less than 1:1, the amount of the activating
agent 1s relatively small leading to incompletion of the metal
compound activation, which causes a problem 1n that activ-
ity of the produced catalytic composition decreases, and
when the ratio 1s greater than 1:25, the metal compound 1s
tully activated, however, there 1s a problem 1n that a unit
price of the catalytic composition 1s not economical or purity
of the produced polymer declines due to the remaining
excess activating agent.

In the second method of the preparation methods of a
catalytic composition, a molar ratio of the compound rep-
resented by Chemical Formula 10 with respect to the tran-
sition metal compound of Chemical Formula 1 1s preferably
1:1 to 1:500, more preferably 1:1 to 1:50, and most prefer-
ably 1:2 to 1:25. When the molar ratio 1s less than 1:1, the
amount of the activating agent 1s relatively small leading to
incompletion of the metal compound activation, which
causes a problem in that activity of the produced catalytic
composition decreases, and when the ratio 1s greater than
1:500, the metal compound 1s fully activated, however, there
1s a problem 1n that a unit price of the catalytic composition
1s not economical or purity of the produced polymer declines
due to the remaining excess activating agent.

As a reaction solvent 1n the preparation of the composi-
tion, a hydrocarbon-based solvent such as pentane, hexane
and heptane, or an aromatic-based solvent such as benzene
and toluene may be used, however, the solvent 1s not limited
thereto, and all solvents capable of being used 1n the art may
be used.

In addition, the transition metal compound of Chemical
Formula 1 and the cocatalyst may also be used 1n a form
immersed 1n a carrier. As the carrier, silica or alumina may
be used.

The compound represented by Chemical Formula 8 1s not
particularly limited as long as 1t 1s an alkyl aluminoxane.
Preferable examples thereol include methyl aluminoxane,
cthyl aluminoxane, 1sobutyl aluminoxane, butyl aluminox-
ane and the like, and a particularly preferable compound 1s
methyl aluminoxane.

The compound represented by Chemical Formula 9 1s not
particularly limited, and preferable examples thereof include
trimethyl aluminum, triethyl aluminum, trusobutyl alumi-
num, tripropyl aluminum, tributyl aluminum, dimethylchlo-
roaluminum, triisopropyl aluminum, tri-s-butyl aluminum,
tricyclopentyl aluminum, tripentyl aluminum, triisopentyl
aluminum, trihexyl aluminum, trioctyl aluminum, ethyldim-
cthyl aluminum, methyldiethyl aluminum, triphenyl alumi-
num, tri-p-tolyl aluminum, dimethylaluminummethoxide,
dimethylaluminumethoxide, trimethyl boron, triethyl boron,
trizsobutyl boron, tripropyl boron, tributyl boron and the
like, and a particularly preferable compound is selected from
among trimethyl aluminum, triethyl aluminum and trizsobu-
tyl aluminum.

Examples of the compound represented by Chemical
Formula 10 include triethyl ammonium tetraphenyl boron,
tributyl ammonium tetraphenyl boron, trimethyl ammonium
tetraphenyl boron, tripropyl ammonium tetraphenyl boron,
trimethyl ammonium tetra(p-tolyl)boron, trimethyl ammo-
nium tetra(o,p-dimethylphenyl)boron, tributyl ammonium
tetra(p-trifluoromethylphenyl) boron, trimethyl ammonium
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tetra(p-tritluoromethylphenyl)boron, tributyl ammonium
tetrapentafluorophenyl boron, N,N-diethyl anilinium tetra-
phenyl boron, N,N-diethyl anilinium tetraphenyl boron,
N,N-diethyl anilintum tetrapentatiuorophenyl boron, diethyl
ammonium tetrapentafluorophenyl boron, triphenyl phos-
phonium tetraphenyl boron, trimethyl phosphonium tetra-
phenyl boron, triethyl ammonium tetraphenyl aluminum,
tributyl ammonium tetraphenyl aluminum, trimethyl ammo-
nium tetraphenyl aluminum, tripropyl ammonium tetraphe-
nyl aluminum, trimethyl ammonium tetra(p-tolyl)alumi-
num, tripropyl ammomium tetra(p-tolyl)aluminum, triethyl
ammonium tetra(o,p-dimethylphenyl)aluminum, tributyl
ammonium tetra(p-trifluoromethylphenyl)aluminum, trim-
cthyl ammonium tetra(p-trifluoromethylphenyl)aluminum,
tributyl ammonium tetrapentafluorophenyl aluminum, N,N-
diethyl anilintum tetraphenyl aluminum, N,N-diethyl
anilinium tetraphenyl aluminum, N,N-diethyl anilinium tet-
rapentafluorophenyl aluminum, diethyl ammonium tetra-
pentatetraphenyl aluminum, triphenyl phosphonium tetra-
phenyl aluminum, trimethyl phosphonium tetraphenyl
aluminum, triethyl ammonium tetraphenyl aluminum, tribu-
tyl ammonium tetraphenyl aluminum, trimethyl ammonium
tetraphenyl boron, tripropyl ammonium tetraphenyl boron,
trimethyl ammonium tetra(p-tolyl)boron, tripropyl ammo-
nium tetra(p-tolyl)boron, triethyl ammonium tetra(o,p-dim-
cthylphenyl)boron, trimethyl ammonium tetra(o,p-dimeth-
ylphenyl)boron, tributyl ammonium tetra(p-
tritluoromethylphenyl) boron, trimethyl ammonium tetra(p-
tritluoromethylphenyl)boron, tributyl ammonium
tetrapentatluorophenyl boron, N,N-diethyl anilinium tetra-
phenyl boron, N,N-diethyl anilinium tetraphenyl boron,
N,N-diethyl anilinium tetrapentatiuorophenyl boron, diethyl
ammonium tetrapentafluorophenyl boron, triphenyl phos-
phonium tetraphenyl boron, triphenyl carbonium tetra(p-
tritluoromethylphenyl)boron, triphenyl carbonium tetrapen-
tatluorophenyl boron and the like.

A polyolefin homopolymer or copolymer may be prepared
by bringing a catalytic composition including the transition
metal compound of Chemical Formula 1; and one or more
compounds selected from among the compounds repre-
sented by Chemical Formula 8 to Chemical Formula 10 1nto
contact with one or more olefin monomers.

A most preferable preparation process using the catalytic
composition 1s a solution process, and 1n addition thereto, a
slurry or vapor process may also be used when such a
composition 1s used with an morganic carrier such as silica.

In the preparation process, the activated catalytic compo-
sition may be injected by being dissolved or diluted in an
aliphatic hydrocarbon solvent having 5 to 12 carbon atoms
such as pentane, hexane, heptane, nonane, decane, and
isomers thereof, an aromatic hydrocarbon solvent such as
toluene benzene, a hydrocarbon solvent substituted with a
chlorine atom such as dichloromethane and chlorobenzene,
and the like, which are suited for an olefin polymerization
process. The solvent used herein 1s preferably treated with a
small amount of an alkyl aluminum to remove a small
quantity of water or air that acts as a catalytic poison, and
then used, and carrying out by further using a cocatalyst 1s
also possible.

Examples of the olefin-based monomer capable of being
polymerized with the metal compounds and a cocatalyst
include ethylene, alpha-olefin, cyclic olefin and the like, and
diene olefin-based monomers or triene olefin-based mono-
mers and the like having two or more double bonds may also
be polymerized. Specific examples of the monomer include
cthylene, propylene, 1-butene, 1-pentene, 4-methyl-1-pen-
tene, 1-hexene, 1-heptene, 1-octene, 1-decene, 1-undecene,
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1-dodecene, 1-tetradecene, 1-hexadecene, 1-icosene, nor-
bornene, norbornadiene, ethylidene norbornene, phenyl nor-
bornene, vinyl norbornene, dicyclopentadiene, 1,4-butadi-
ene, 1,5-pentadiene, 1,6-hexadiene, styrene, alpha-methyl
styrene, divinylbenzene, 3-chloromethyl styrene and the
like, and two or more types of these monomers may be
mixed and copolymerized.

Particularly, the catalytic composition 1n the preparation
method of the present invention 1s capable of preparing a
very low-density copolymer having polymer density of 0.89
g/cc or less while having a high molecular weight in a
copolymerization reaction of a monomer with high steric
hindrance such as ethylene and 1-octene even at a higher
reaction temperature of 90° C. or higher.

According to one embodiment of the present invention, a
polymer prepared using the preparation method of the
present mvention has density of less than 0.891 g/cc.

According to one embodiment of the present invention, a
polymer prepared using the preparation method of the
present ivention has density of 0.88 g/cc or less.

According to one embodiment of the present invention, a
polymer prepared using the preparation method of the
present mvention has density of less than 0.87 g/cc.

In addition, according to one embodiment of the present
invention, when a polymer 1s formed using the transition
metal catalyst of Chemical Formula 1, the polymer may
have a single Tm (melting temperature) peak or two Tm
peaks.

Tm may be obtained using a differential scanning calo-
rimeter 6000 (DSC) manufactured by PerkinFElmer, and may
be measured with the top of the DSC curve as a melting
point (melting temperature) aiter raising the temperature of
a polymer to 100° C., maintaining the temperature for 1
minute, then lowering the temperature to -100° C., and
raising the temperature again.

According to one embodiment of the present invention, a
polymer prepared using the preparation method of the
present mvention has Tm of 92 or less.

According to one embodiment of the present invention,
Tm of a polymer prepared using the preparation method of
the present mnvention may exhibit one or two peaks.

According to one embodiment of the present invention, a
polymer prepared using the preparation method of the
present invention has a melt index (M) of less than 4.

According to one embodiment of the present invention, a
polymer prepared using the preparation method of the
present mvention has a melt index (Mi1) of 2 or less.

According to one embodiment of the present invention, a
polymer prepared using the preparation method of the
present mvention has a melt index (M1) of 1 or less.

When the melt index according to the embodiments of the
present mvention 1s low of less than 2, a high molecular
weight polymer may be produced, and particularly, the
polymer 1s useful as a multilayer film for coating requiring,
a high molecular weight polymer.

Hereinatiter, the present invention will be described in
more detail with reference to the following examples. How-
ever, these examples are for illustrative purposes only, and
the scope of the present invention 1s not limited thereto.

Synthesis of Ligand and Transition Metal Compound

Organic reagents and solvents were purchased from
Aldrich and punfied using a standard method to be used
unless particularly mentioned otherwise. Contact with air
and moisture was blocked 1n all synthesis steps 1n order to
enhance the reproducibility of experiments. A compound
substituted with tetramethyl cyclobutadiene among ketone
compounds 1n Chemical Formula 1 was synthesized accord-
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ing to a literature [Organometallics 2002, 21, 2842-2855],
and CGC [Me,S1(Me,C,)NtBu]TiMel, (Constrained-Ge-

ometry Catalyst, abbreviated as CGC hereinatter) of Com-

parative Example 1 was synthesized according to U.S. Pat.
No. 6,015,916.

Preparation of Ligand Compound

|Chemuical Formula 2-1]

Synthesis of N-tert-butyl-1-(1,2-dimethyl-3H-benzo
[b]cyclopenta[d]thiophen-3-y1)-1,1-dimethylsilan-
amine

After 4.65 g (15.88 mmol) of a compound of Chemical
Formula 3 was quantitated and added to a 100 ml schlenk
flask, 80 ml of THF was introduced thereto. After introduc-

ing tBulNH, (4 eq, 6.68 ml) thereto at room temperature, the
result was reacted for 3 days at room temperature. After the
reaction, THF was removed, and the result was filtered using

hexane. The solvent was dried, and a yellow liquid was
obtained 1n a yield of 4.50 g (86%).

'H-NMR (in CDCl,, 500 MHz):

7.99 (d, 1H), 7.83 (d, 1H), 7.35 (dd, 1H), 7.24 (dd, 1H),
3.49 (s, 1H), 2.37 (s, 3H), 2.17 (s, 3H), 1.27 (s, 9H), 0.19 (s,
3H), -0.17 (s, 3H).

|Chemical Formula 2-2]

Synthesis of 1-(1,2-dimethyl-3H-benzo[b]cyclo-
penta[d]thiophen-3-yl)-N-1sopropyl-1,1-dimethylsi-
lanamine

After 1.00 g (3.44 mmol) of a compound of Chemical

Formula 3 was quantitated and added to a 100 ml schlenk
flask, 25 ml of THF was introduced thereto. The schlenk
flask was immersed 1n a =78° C. low-temperature bath made




US 9,822,200 B2

21

of dry 1ce and acetone, and stirred for 30 minutes. Subse-
quently, 1sopropylamine (0.4 g, 6.88 mmol) was dissolved 1n
THF (7 ml), and the result was slowly introduced to the flask
under argon. The result was stirred for 1 hour at -78° C., and
then stirred while slowly raising the temperature to room
temperature. Next, the result was filtered using diethyl ether,

the filtrate was taken and the solvent was dried to obtain a
yellow liquid 1n a vield of 597.0 mg (55%).

'H-NMR (in C.D,, 500 MHz):

7.98 (d, 2H), 7.72 (d, 1H), 7.24 (dd, 1H), 7.10 (dd, 1H),
3.23 (s, 1H), 2.89-2.83 (m, 1H), 2.25 (s, 3H), 2.00 (s, 3H),
0.98 (d, 3H), 0.92 (d, 3H), 0.05 (s, 3H), -0.14 (s, 3H).

|Chemical Formula 2-3]

Synthesis of 1-(1,2-dimethyl-3H-benzo[b]cyclo-
penta[d]thiophen-3-yl)-N-ethyl-1,1-dimethylsilan-
amine

After 1.40 g (4.78 mmol) of a compound of Chemical
Formula 3 was quantitated and added to a 100 ml schlenk
flask, 30 ml of THF was introduced thereto. After introduc-
ing tBuNH, (2 eq, 4.78 ml, 2.0 M in THF) thereto at room
temperature, the result was reacted for 3 hours at room
temperature. After the reaction, THF was removed, and then
the result was filtered using hexane. The solvent was dried,
and a yellow liquid was obtained 1n a yield o1 1.41 g (98%).

'H-NMR (in CDCl,, 500 MHz):

7.99 (d, 1H), 7.83 (d, 1H), 7.36 (dd, 1H), 7.24 (dd, 1H),
3.49 (s, 1H), 2.84 (m, 2H), 2.37 (s, 3H), 2.16 (s, 3H), 1.11
(t, 3H), 0.09 (s, 3H), —-0.09 (s, 3H).

|Chemical Formula 2-4]
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Synthesis of 1-(1,2-dimethyl-3H-benzo[b]cyclo-
penta[d]|thiophen-3-yl)-1,1-dimethyl-N-phenylsilan-
amine

Aniline (1.47 g, 5.12 mmol) and THF (25 ml) were mixed
and stirred 1 a 250 ml schlenk flask. The schlenk tlask was
immersed i a =78° C. low-temperature bath made of dry 1ce
and acetone, and stirred for 30 minutes. Subsequently,
n-Buli (1.36 ml, 2.5 M, 3.41 mmol) was slowly added
dropwise thereto. At this point, the color of the reaction
mixture slowly turned to yellow. The result was stirred for
1 hour while gradually raising the temperature to room
temperature. In another schlenk flask, Chemical Formula 3
(1.0 g, 3.41 mmol) and THF (20 ml) were mixed and stirred.
This schlenk flask was immersed 1n a =78° C. low-tempera-
ture bath made of dry ice and acetone, and stirred for 30
minutes. Next, the reaction solution 1in the schlenk flask was
slowly added dropwise to this schlenk flask. The result was
stirred while gradually raising the temperature to room
temperature. Next, all the solvent was removed, and the
result was filtered using diethyl ether, the filtrate was taken

and the solvent was dried. As a result an orange liquid was
obtained 1n a yield of 692.0 mg (58%).

"H-NMR (in C.D,, 500 MHz):

7.93 (d, 1H), 7.65 (d, 1H), 7.21 (dd, 1H), 7.13 (dd, 2H),
7.06 (dd, 1H), 6.78 (dd, 1H), 6.59 (dd, 2H), 3.51 (s, 1H),
3.13 (br, 1H), 2.16 (s, 3H), 1.88 (s, 3H), 0.07 (s, 3H), -0.15
(s, 3H).

|Chemuical Formula 2-5]

OMe

Synthesis of 1-(1,2-dimethyl-3H-benzo[b]cyclo-
pentad]thiophen-3-yl)-N-(4-methoxyphenyl)-1,1-
dimethylsilanamine

Anisidine (1.02 g, 8.25 mmol) and THF (20 ml) were
mixed and stirred 1n a 250 ml schlenk flask. The schlenk
flask was immersed 1n a - 78° C. low-temperature bath made
of dry ice and acetone, and stirred for 30 minutes. Subse-
quently, n-Bul1 (2.20 ml, 2.5 M, 5.50 mmol) was slowly
added dropwise thereto, and the result was stirred for 1 hour

while raising the temperature to room temperature. In
another schlenk flask, Chemical Formula 3 (1.61 g, 3.50

mmol) and THF (20 ml) were mixed and stirred. This
schlenk flask was immersed 1 a —78° C. low-temperature

bath made of dry ice and acetone, and stirred for 30 minutes.
Next, the reaction solution 1n the schlenk flask was slowly
added dropwise to this schlenk flask. The result was stirred
while gradually raising the temperature to room tempera-
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ture. Next, all the solvent was removed, and the result was
filtered using diethyl ether, the filtrate was taken and the

solvent was dried. As a result an orange liquid was obtained
in a vield of 1.15 g (55%).

'H-NMR (in CDCl,, 500 MHz):

7.96 (d, 1H), 7.69 (d, 1H), 7.24 (dd, 1H), 7.09 (dd, 1H),
6.78 (m, 2H), 6.56 (m, 2H), 3.55 (s, 1H), 3.39 (s, 3H), 2.97
(br, 1H), 2.21 (s, 3H), 1.94 (s, 3H), 0.10 (s, 3H), —0.08 (s.

3H).
\ ¢

|Chemuical Formula 2-6]

Synthesis of 1-(1,2-dimethyl-3H-benzo[b]cyclo-
penta[d]thiophen-3-y1)-N-(2,6-dimethylphenyl)-1,1-
dimethylsilanamine

2,6-Dimethylaniline (0.45 ml, 3.66 mmol) and THF (25
ml) were mixed and stirred 1 a 250 ml schlenk flask. The

schlenk flask was immersed 1 a —=78° C. low-temperature

bath made of dry ice and acetone, and stirred for 30 minutes.
Subsequently, n-BulL1 (0.98 ml, 2.5 M, 2.44 mmol) was

slowly added dropwise thereto, and the result was stirred for

1 hour while gradually raising the temperature to room

temperature. In another schlenk flask, Chemical Formula 3
(720.0 mg, 2.44 mmol) and THF (20 ml) were mixed and

stirred. This schlenk flask was immersed in a -78° C.

low-temperature bath made of dry ice and acetone, and

stirred for 30 minutes. Next, the reaction solution in the
schlenk flask was slowly added dropwise to this schlenk
flask. The result was stirred while gradually raising the
temperature to room temperature. Next, all the solvent was
removed, and the result was filtered using diethyl ether, the
filtrate was taken and the solvent was dried. As a result an

orange liquid was obtained 1n a vield of 636.0 mg (69%).

'H-NMR (in C.D,, 500 MHz):

7.97 (d, 1H), 7.69 (d, 1H), 7.26 (dd, 1H), 7.10 (dd, 1H),
6.93 (d, 2H), 6.85 (dd, 1H), 3.26 (s, 1H), 2.91 (br, 1H), 2.21
(s, 3H), 1.94 (s, 3H), 1.87 (s, 6H), 0.07 (s, 3H), —0.05 (s,
3H).
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Preparation of Transition Metal Compound

Example 1

Chemical Formula 1-1

In a 50 ml schlenk flask, the ligand compound of Chemi-
cal Formula 2-1 (1.06 g, 3.22 mmol/1.0 eq) and 16.0 mL (0.2
M) of MTBE were placed, and stirred first. At —40° C.,
n-Bul.i (2.64 ml, 6.60 mmol/2.05 eq, 2.5 M 1n THF) was
added thereto, and the result was reacted overnight at room
temperature. After that, MeMgBr (2.68 ml, 8.05 mmol/2.5

eq, 3.0 M 1n diethyl ether) was slowly added dropwise
thereto at —40° C., and then T1Cl, (2.68 ml, 3.22 mmol/1.0

eq, 1.0 M 1n toluene) was added 1n order, and the result was
reacted overmight at room temperature. After that, the reac-
tion mixture was filtered by passing through Celite using

hexane. After the solvent was dried, a brown solid was
obtained 1n a yield of 1.07 g (82%).

'H-NMR (in CDCl,, 500 MHz):

7.99 (d, 1H), 7.68 (d, 1H), 7.40 (dd, 1H), 7.30 (dd, 1H),
3.22 (s, 1H), 2.67 (s, 3H), 2.05 (s, 3H), 1.54 (s, 9H), 0.58 (s,
3H), 0.57 (s, 3H), 0.40 (s, 3H), —0.45 (s, 3H).

Example 2

Chemical Formula 1-2

N

51
o~ T]—

\

In a 10 ml schlenk flask, the ligand compound of Chemi-
cal Formula 2-2 (134.0 mg, 0.43 mmol/1.0 eq) and 2.6 mL
(0.2 M) of MTBE were placed and stirred. At -40° C.,
n-Buli (0.34 ml, 0.86 mmol/2.0 eq, 2.5 M 1n THF) was
added thereto, and the result was reacted overnight at room
temperature. After that, MeMgBr (0.85 ml, 1.3 mmol/3.0 eq,
3.0 M 1n diethyl ether) was slowly added dropwise thereto
at —40° C., and then TiCl, (0.43 ml, 0.43 mmol/1.0 eq, 1.0

M 1n toluene) was added in order, and the result was reacted
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overnight at room temperature. After that, the reaction

mixture was liltered by passing through Celite using hexane.

After the solvent was dried, a brown solid was obtained in
a yield of 60.6 mg (36%).

'H-NMR (in C.D,, 500 MHz):

7.80 (d, 1H), 7.39 (d, 1H), 7.17 (dd, 1H), 7.01 (dd, 1H),
5.02 (m, 1H), 2.36 (s, 3H), 1.89 (s, 3H), 1.22 (m, 6H), 0.61
(s, 3H), 0.58 (s, 3H), 0.40 (s, 3H), —0.03 (s, 3H).

Example 3

Chemical Formula 1-3

In a 50 ml schlenk flask, the ligand compound of Chemi-

cal Formula 2-3 (1.45 g, 4.81 mmol/1.0 eq) and 25 mL (0.2

M) of MTBE were placed and stirred. At —40° C., n-Bul.1
(3.94 ml, 9.86 mmol/2.5 eq, 2.5 M 1 THF) was added
thereto, and the result was reacted overnight at room tem-
perature. After that, MeMgBr (4.0 ml, 12.02 mmol/2.5 eq,
3.0 M 1n diethyl ether) was slowly added dropwise thereto
at —40° C., and then TiCl, (4.81 ml, 4.81 mmol/1.0 eq, 1.0

M 1n toluene) was added 1n order, and the result was reacted

overnight at room temperature. The reaction was not com-
plete based on an NMR result, and MeLi1 (3.0 ml, 4.81
mmol/1.0 eq, 1.6 M 1n diethyl ether) was slowly added

dropwise thereto to complete the reaction. After that, the

reaction mixture was filtered by passing through Celite using,

hexane. After the solvent was dried, a brown solid was
obtained 1n a yield of 1.02 g (56%).

'H-NMR (in CDCl,, 500 MHz):

8.03 (d, 1H), 7.68 (d, 1H), 7.42 (dd, 1H), 7.30 (dd, 1H),
4.23 (q, 2H), 2.70 (s, 3H), 2.08 (s, 3H), 1.30 (t, 3H), 0.83 (s,
3H), 0.54 (s, 3H), 0.53 (s, 3H), 0.35 (s, 3H), 0.09 (s, 3H),
~0.46 (s, 3H).

10

15

20

25

30

35

40

45

50

55

60

65

26
Example 4

Chemical Formula 1-4

In a 10 ml schlenk flask, the ligand compound of Chemi-
cal Formula 2-4 (388.6 mg, 1.11 mmol/1.0 eq) and 5.6 mL
(0.2 M) of MTBE were placed and stirred. At -40° C.,
n-Buli (0.89 ml, 2.22 mmol/2.0 eq, 2.5 M m THF) was
added thereto, and the result was reacted overnight at room
temperature. After that, MeMgBr (1.11 ml, 3.33 mmol/3.0
eq, 3.0 M 1n diethyl ether) was slowly added dropwise
thereto at —-40° C., and then T1Cl, (1.11 ml, 1.11 mmol/1.0
eq, 1.0 M 1n toluene) was added in order, and the result was
reacted overnight at room temperature. After that, the reac-
tion mixture was filtered by passing through Celite using

hexane. After the solvent was dried, a brown solid was
obtained 1n a yield of 175.0 mg (37%).

'H-NMR (in C.D,, 500 MHz):

7.76 (d, 1H), 7.39 (d, 1H), 7.26 (m, 4H), 7.18 (m, 1H),
7.01 (dd, 1H), 6.92 (dd, 1H), 2.33 (s, 3H), 1.94 (s, 3H), 0.85
(s, 3H), 0.62 (s, 3H), 0.43 (s, 3H), 0.23 (s, 3H).

Example 5

Chemical Formula 1-5

OMe

In a 10 ml schlenk flask, the ligand compound of Chemi-
cal Formula 2-5 (242.0 mg, 0.64 mmol/1.0 eq) and 3.2 mL
(0.2 M) of MTBE were placed and stirred. At -40° C.,
n-Buli (0.51 ml, 1.28 mmol/2.0 eq, 2.5 M 1n THF) was
added thereto, and the result was reacted overnight at room

temperature. After that, MeMgBr (0.64 ml, 1.92 mmol/3.0



US 9,822,200 B2

27

eq, 3.0 M 1n diethyl ether) was slowly added dropwise
thereto at —-40° C., and then TiCl, (0.64 ml, 0.64 mmol/1.0
eq, 1.0 M 1n toluene) was added in order, and the result was
reacted overnight at room temperature. After that, the reac-
tion mixture was filtered by passing through Celite using
hexane. After the solvent was dried, a brown solid was
obtained 1n a yield of 132.0 mg (52%).

"H-NMR (in C.D,, 500 MHz):

7.718 (d, 1H), 7.41 (d, 1H), 7.19-6.84 (m, 6H), 3.34 (s, 3H),
3.35 (s, 3H), 1.98 (s, 3H), 0.83 (s, 3H), 0.63 (s, 3H), 0.44 (s,
3H), 0.21 (s, 3H).

Example 6

Chemical Formula 1-6

In a 10 ml schlenk flask, the ligand compound of Chemi-
cal Formula 2-6 (116.0 mg, 0.31 mmol/1.0 eq) and 2.0 mL
(0.2 M) of MTBE were placed and stirred. At -40° C.,
n-Buli (0.25 ml, 0.61 mmol/2.0 eq, 2.5 M 1n THF) was
added thereto, and the result was reacted overnight. After
that, MeMgBr (0.31 ml, 0.93 mmol/3.0 eq, 3.0 M 1n diethyl
cther) was slowly added dropwise thereto at —40° C., and
then T1Cl, (0.31 ml, 0.31 mmol/1.0 eg, 1.0 M 1n toluene) was
added 1n order, and the result was reacted overnight at room
temperature. After that, the reaction mixture was filtered by
passing through Celite using hexane. After the solvent was
dried, a brown solid was obtained 1n a yield of 79.0 mg
(56%).

"H-NMR (in C.D,, 500 MHz):

7.74 (d, 1H), 7.37 (d, 1H), 7.19-6.97 (m, 5H), 2.32 (s, 3H),
2.26 (s, 3H), 2.25 (s, 3H), 2.03 (s, 3H), 0.67 (s, 3H), 0.55 (s,
3H), 0.34 (s, 3H), 0.05 (s, 3H).

Comparative Example 1
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Synthesis of (tert-butyl(dimethyl(2,3.4,5-tetrameth-
ylcyclopenta-2.,4-dien-1-yl)silyl Jamino Jdimethyltita-
nium

In a 100 ml schlenk flask, the ligand compound of the
comparative example (2.36 g, 9.39 mmol/1.0 eq) and 50 mL
(0.2 M) of MTBE were placed and stirred. At -40° C.,
n-Buli (7.6 ml, 19.25 mmol/2.05 eq, 2.5 M in THF) was
added thereto, and the result was reacted overnight at room
temperature. After that, MeMgBr (6.4 ml, 19.25 mmol/2.05
eq, 3.0 M 1n diethyl ether) was slowly added dropwise
thereto at —40° C., and then T1Cl, (9.4 ml, 9.39 mmol/1.0 eq,
1.0 M 1n toluene) was added in order, and the result was
reacted overnight at room temperature. After that, the reac-
tion mixture was filtered by passing through Celite using

hexane. After the solvent was dried, a yellow solid was
obtained 1n a yield of 2.52 g (82%).

"H-NMR (in CDCl,, 500 MHz):
2.17 (s, 6H), 1.92 (s, 6H), 1.57 (s, 9H), 0.48 (s, 6H), 0.17
(s, 6H).

Preparation Example of Polymer

Example 1 (Examples 1-1 to 1-4) to Example 6,
and Comparative Example 1

After adding a hexane solvent (1.0 L) and 1-octene (210
ml) to a 2 L autoclave reactor, the reactor was preheated to
a temperature ol 150° C. At the same time, a pressure of the
reactor was {lilled with ethylene (35 bar) in advance. A
dimethyl anmilintum tetrakis (pentatluorophenyl)borate
cocatalyst (20 umol) and a compound of the second column
(2.0 umol) of the following Table 1 treated with a triisobutyl
aluminum compound were consequently added to the reac-
tor with adding a high argon pressure (molar ratio of
Al:'T1=10:1). Subsequently, a copolymerization reaction was
progressed for 8 minutes. Next, the remaining ethylene gas
was released, and the polymer solution was added to excess
cthanol to induce precipitation. The precipitated polymer
was washed twice to three times with ethanol, dried for 12
hours or longer 1n a vacuum oven at 90° C., and physical
properties of the polymer were measured.

Various polymers were prepared depending on polymer-
1zation temperatures, main catalysts and cocatalysts of the
following Table 1, and the results are shown in Tables 1 and
2.

Physical Property Evaluation (Weight, Activity, Melt
Index, Melting Point, Density)

<Melt Index of Polymer>

Melt indexes (MI) of the polymers were measured in
reference with the ASTM D-1238 (condition E, 190° C.,
2.16 Kg load).

<Melting Temperature of Polymer>

Melting temperatures (ITm) of the polymers may be
obtained using a differential scanning calorimeter 6000
(DSC) manufactured by PerkinElmer, and the melting tem-
peratures of the polymer may be measured such that the
measurement container 1s filled with approximately 0.5 mg
to 10 mg of the sample, nitrogen gas flow 1s set at 20 ml/min,
and aifter the sample 1s heated from 0° C. to a temperature
of 150° C. at a rate of 20° C./min 1n order to have the same
thermal history of the polyolefin resin, the sample 1s cooled
again from 150° C. to a temperature of —100° C. at a rate of
10° C./min, and the melting temperature 1s measured while
heating the sample again from -100° C. to a temperature of
150° C. at a rate of 10° C./min with a heating curve peak of
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heat flow measured with a DSC, that 1s, an endothermic peak
temperature during the heating as a melting temperature.

<Density of Polymer>

Density of the polymers was measured 1n a Mettler scale
alter preparing the sample to a sheet having a thickness of
3 mm and a radius of 2 cm using 190° C. press mold, and
then annealing the sheet for 24 hours at room temperature.

Physical properties of the polymers prepared in Example
1 (Examples 1-1 to 1-4) and Comparative Example 1 are
shown 1n the following Table 1.

<Measurement on Readiness of Low Density and High
Molecular Weight Product Depending on Temperature>

TABLE 1
Polymer- Melt
1zation Index
Temper- Den- (MI)
ature Yield sity (g/10 Tm
Cat. Cat. (° C.) Cocat. (g) (g/cc) min) (°C.)
Compar- CGC 150 AB 454 0.900 13.8 102.4
ative
Example 1
Example  Chem- 150 AB 48.1 0.891 0.61 8.6
1-1 ical
Formula
1-1
Example  Chem- 150 B 458 0.893 0.005 904
1-2 ical
Formula
1-1
Example  Chem- 120 AB 76.1 0.894 047 89.2
1-3 ical
Formula
1-1
Example  Chem- 120 B 75.6 0.894 0.016 91.5
1-4 ical
Formula

1-1

Polymerization condition: hexane (1.0 L), ethylene (35 bar), Cocat.: 10 equiv, 1-C8 210
ml,

t =& min
AB: dimethyl anilinium tetrakis{pentafluorophenyl)borate cocatalyst

TB: trusobutyl aluminum compound

As shown 1n Table 1, 1t was 1dentified that lower density
and a higher molecular weight were obtained at 150° C. 1n
Example 1 of the present invention compared to the com-
parative example. It was 1dentified that, 1n the polymeriza-
tion at 120° C., the yield significantly increased although
basic physical properties were similar.

In addition, in Comparative Example 1, density was high
of 0.900 g/cc, and MI was 13 or greater, thus, preparing a
high molecular weight product may be diflicult, however,
when a melt index (MI) was low as 1n Example 1 of the
present invention, a high molecular weight product may be
prepared.

Furthermore, 1t was 1dentified that 0.891 to 0.894 g/cc and
a melt index of 0.61 g/10 min or less were capable of being
maintained when using different cocatalysts, or lowering a
polymerization temperature.

In the polymers of Examples 1-1 to 1-4, the melt index
was 0.005 g/10 min compared to Comparative Example 1,
and 1t was 1dentified that the melt index was capable of being
significantly decreased by 235 times or greater compared to
Comparative Example 1.
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<Measurement on Preparation Readiness of High
Molecular Weight Elastomer Depending on Density and
Melt Index>

TABLE 2
Polymer- Melt
1Zation Index
Temper- Den- (MI)
ature Yield sity (g/10 Tm
Cat. (° C.) Cocat. (g) (gfcc) min) (° C.)
Compar- 150 AB 454 0.900 13.8 102.4
ative
Example 1
Example 1 150 AB 48.1 0.891 0.61 88.6
Example 2 150 AB 47.6 0.876 037 (53.5)/89.4
Example 3 150 AB 21.5 0.869 0.52 46.0/87.2
Example 4 150 AB 26,5 0.861 279 39.1
Example 3 150 AB 2277 0.863 3.50 46.8

Polymerization condition: hexane (1.0 L), ethylene (35 bar), Cocat.: AB 10 equiv, 1-C8

210 ml,

t =& min

As examined in Table 2, 1t was seen that, when forming
a polymer using the transition metal compounds prepared 1n
Examples 1 to 5, the density and the melt index were
significantly lower compared to Comparative Example 1.

When specifically examined, 1t was seen that, when
forming a polymer using the transition metal compounds
prepared i Examples 1 to 5, the density of the polymer
decreased compared to the case using Comparative Example
1. For example, the density of the polymer was from 0.862
g/cc to 0.891 g/cc and a low density value was capable of
being obtained when forming a polymer using the transition
metal compounds prepared in Examples 1 to 5, while the
density was 0.900 g/cc or greater in Comparative Example
1.

In addition, as for the melt index, the melt index of the
polymer was from 0.37 to 3.50 (g/10 min) when forming a
polymer using the transition metal compounds prepared in
Examples 1 to 35, and particularly, 1t was seen that the melt
index decreased by 30 times or greater compared to Com-
parative Example 1 when forming a polymer using the
transition metal compounds prepared in Examples 1 to 5.
The melt index being low means that a high molecular
weight polymer 1s capable of being produced.

Accordingly, when forming a polymer using the transition
metal compounds prepared i Examples 1 to 5, the com-
pound according to the present invention 1s capable of
producing a polymer of a low density area and a polymer of
a high molecular weight having excellent copolymerizabil-
ty.

What 1s claimed 1s:

1. A transition metal compound represented by the fol-
lowing Chemical Formula 1:

|Chemuical Formula 1|

R, Rg
Rg Ro
> R4
R
Ra_ >
Q —~
X
R ON L\ X
N X,
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wherein, 1n Chemical Formula 1,

R, 1s hydrogen; alkyl having 1 to 20 carbon atoms; alkoxy
having 1 to 20 carbon atoms; aryl having 6 to 20 carbon
atoms; arylalkoxy having 7 to 20 carbon atoms; alky-
laryl having 7 to 20 carbon atoms; or arylalkyl having
7 to 20 carbon atoms;

R, and R, are each independently hydrogen; alkyl having
1 to 20 carbon atoms; aryl having 6 to 20 carbon atoms;
or alkylaryl having 6 to 20 carbon atoms;

R, to R, are each independently hydrogen; alkyl having 1
to 20 carbon atoms; aryl having 6 to 20 carbon atoms;
alkylaryl having 7 to 20 carbon atoms; or arylalkyl
having 7 to 20 carbon atoms;

two or more of R, and R;; R, and R.; R, and R; R, and
R.; and R, and R, are optionally linked to each other to
form a ring;

Q 1s S1;
M 1s a group 4 transition metal; and
X, and X, are each independently hydrogen, halogen,
alkyl having 1 to 20 carbon atoms, alkenyl having 2 to
20 carbon atoms, aryl having 6 to 20 carbon atoms,
alkylaryl having 7 to 20 carbon atoms, arylalkyl having
7 1o 20 carbon atoms, alkylamino having 1 to 20 carbon
atoms, arylamino having 6 to 20 carbon atoms or
alkylidene having 1 to 20 carbon atoms.
2. The transition metal compound of claim 1, wherein, in
Chemical Formula 1, R, 1s alkyl having 1 to 20 carbon
atoms; aryl having 6 to 20 carbon atoms; arylalkoxy having

7 to 20 carbon atoms; or arylalkyl having 7 to 20 carbon
atoms;

R, and R, are each independently hydrogen; alkyl having
1 to 20 carbon atoms; or aryl having 6 to 20 carbon
atoms;

R, to R, are each independently hydrogen; alkyl having 1
to 20 carbon atoms; or aryl having 6 to 20 carbon
atoms; and

Q 1s S1.
3. The transition metal compound of claim 2, wherein M
1s 11, Hf or Zr.

4. The transition metal compound of claim 3, wherein the
compound represented by Chemical Formula 1 1s repre-
sented by any one of the following chemical formulae:

0

S

|Chemical Formula 1-1]

~
S1
-\ /Ti—

N7\

N
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-continued

|Chemuical Formula 1-2]

|Chemuical Formula 1-3]

|Chemical Formula 1-4]

|Chemical Formula 1-5]
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-continued —[Al(R>3)-0].- [Chemical Formula ]
|Chemuical Formula 1-6]

wherein, 1n the formula, each R,, represents indepen-
dently a halogen radical; a hydrocarbyl radical having
1 to 20 carbon atoms; or a hydrocarbyl radical having

. 1 to 20 carbon atoms substituted with halogen; a 1s an
integer of 2 or greater;
D(R55)4 [Chemical Formula 9]
wherein, 1n the formula, D 1s aluminum or boron; each
10 R, represents independently as defined above;

[L-H]"[Z(A),]” or [L]T[Z(A),] [Chemical Formula 10]

wherein, 1n the formula, L. 1s a neutral or cationic Lewis

acid; H 1s a hydrogen atom; Z 1s a group 13 element;

15 cach A represents imndependently aryl having 6 to 20
carbon atoms or alkyl having 1 to 20 carbon atoms of

which one or more hydrogen atoms are capable of

being substituted with substituents; and the substituents

5. A catalytic composition comprising the transition metal are halogen, hydrocarbyl having 1 to 20 carbon atoms,
compound of claim 1. 20 alkoxy having 1 to 20 carbon atoms, or aryloxy having
6. The catalytic composition of claim 5, further compris- 6 to 20 carbon atoms. _ |
ing one or more cocatalysts, wherein the cocatalyst includes ~ 7. The catalytic composition of claim 6, further compris-

one or more selected from among the following Chemical Ing a reaction hydrocarbon solvent.

Formulae 8 to 10: % % % %
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